Inhibitory effects of unlabeled iodothyronines on the metabolism of thyroxine (T4), 3, 3', 5-triiodothyronine (T3) and3, 3', 5'-triiodothyronine (reverse T3, rT3) were investigated in continuously cultured monkey hepatocarcinoma cells which showed a rapid metabolism of the thyroid hormones.
The metabolism of L-thyroxine (T4)2 is important for understanding the behavior of the thyroid hormones. Phenolic and nonphenolic ring monodeiodinations are responsible for the activation or inactivation of T4, respectively; the former produces 3, 3', 5-L-triiodothyronine (T3) and the latter forms3, 3', 5'-L-triiodothyronine (rT3) .
Recent studies showed that sarvation or malnutrition causes an increase of the serum level of rT3 but a decrease of the level of T3 (Portnay et al., 1974; Vagenakis et al., 1975; Moshang et al., 1975; Spaulding et al., 1976) . This reciprocal change of rT3 and T3 was due to a slower metabolic clearance of rT3 under such conditions (Eisenstein et al., 1977; Kaplan and Utiger, 1978; Suda et al., 1978) . However, an increase of rT3 production was observed in cultured monkey hepatocarcinoma cells subjected to "starvation" (Sorimachi and Robbins, 1978) and also in rat in viva (Suda et al., 1978) . These cultured cells metabolize the thyroid hormones by phenolic and nonphenolic ring deiodinations and by sulfation (Sorimachi and Robbins, 1977) , and furthermore the effect of antithyroid drugs on both deiodinations was investigated (Sorimachi and Robbins, 1979a) .
In the present communication, the inhibitory effect of excess unlabeled iodothyronines on phenolic and nonphenolic ring deiodinations of labeled iodothyronines was studied in cultured monkey hepatocarcinoma cells.
Received August27, 1979 . 1) A portion of the experiments was done at the National Institutes of Health, U.S.A. 2) Abbreviations used: T4, L-thyroxine; T3, 3, 3', 5-L-triiodothyronine; rT3, reverse T3, 3, 3', 5'-Ltriiodothyronine; T2, diiodothyronine. The symbol on the top is: O, an unknown radioactive band just above the origin. The asterisk indicates a statistically significant difference from control at P<0.05 (*). a A mixture of 3, 3'-T2 and 3'-T1 sulfates (the amount of these free iodothyronines is negligibly small, since the sulfation is much faster than their production rate).
pletely inhibited.
The metabolism of labeled rT3 was affected most strongly by unlabeled rT3, although this apparent inhibition was due to a dilution effect. However, rT3 was the least effective inhibitor of nonphenolic ring deiodination.
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Discussion
In the previous experiments, it was shown that the cellular uptake of T3 by monkey hepatocarcinoma cells was the highest among various iodoamino acids, and the cellular uptake of iodoamino acids was follows T3>T4>3, 3'-T2>rT3>3, 5-T2 >3'-T1>3', 5'-T2>diiodotyrosine>monoio-dotyrosine>sulfates (Sorimachi and Robbins, 1978b ). This order was almost the same in other cell lines. However, the present work revealed that T3 was not the most effective inhibitor of phenolic ring deiodination of labeled rT3, whereas T3 was a good inhibitor of nonphenolic ring deiodination.
Our works (Sorimachi and Robbins, 1977; Sorimachi and Cahnmann, 1979 ) revealed the metabolic pathways of the thyroid hormones in cultured monkey hepatocarcinoma cells (Fig.3) . In this figure, the vertical arrows represent nonphenolic ring deiodination and the horizontal ones show phenolic ring deiodination.
The metabolism of labeled rT3 in which phenolic ring deiodination is a main pathway was most strongly affected by unlabeled rT3, although this is due to a dilution effect. Reverse T3, however, was the least effective inhibitor of nonphenolic ring deiodination of labeled T4 or T3. This reaction was inhibited by 3,5-T2 with nealy the same effect as T3 (Table3). Separate experiments showed that monkey hepatocarcinoma cells rapidly metabolize 3,5-T2 by nonphenolic ring deiodination (Sorimachi and Cahnmann, 1979) , but its cellular uptake was the lowest among T4, T3, rT3 and 3,3'-T2 (Sorimachi and Robbins, 1978b) . These results suggest that the degree of the inhibition of the substrate analogs for both phenolic and nonphenolic ring deiodinations would be due to the affinity of iodothyronines with the deiodinases.
The same result was obtained with separate experiments using monkey hepatocarcinoma cell homogenate (Sorimachi and Robbins 1979b) .
No T3 formation from T4 was observed in monkey hepatocarcinoma cells (Sori- , 1977) . This might be due to the high affinity of T4 with nonphenolic ring deiodinase and to the high affinity of the metabolite (rT3) of T4 with phenolic ring deiodinase. In other words, T4 might be converted to rT3 by nonphenolic ring deiodination and then newly formed rT3 would inhibit the conversion of T4 to T3. In vivo, the administration of rT3 revealed that rT3 behaved as an antagonist of thyroid hormones (Pittman and Barker, 1959a , 1959 Benua et al., 1959 , and this may be due to the inhibitory effect of rT3 on the peripheral conversion of T4 to T3. Furthermore, the cellular uptake of T3 is the highest (Sorimachi and Robbins, 1978b) and T3 is rapidly metabolized by nonphenolic ring deiodination in monkey hepatocarcinoma cells (Sorimachi and Robbins, 1977 
